Abstract -The method for developing an information electronic directory in the field of foundry production, which contains a database of metals and alloys, is proposed. The database is designed to facilitate development of the foundry production technology, including the analysis of available raw materials, target selection of casting components, as well as the choice of cooling modes in order to obtain high quality castings.
I. INTRODUCTION
At present, the most common method of obtaining metal products of a given quality, complexity and shape is founding, during which the casting of metal or alloy is formed.
The quality of castings depends on many factors. For example, when melting different metals, the alloy properties change and it is possible to get the alloy of the given quality with the correct selection of alloying and modifying additives. In production, experiments are carried out and express analysis of metal is performed, which determines the characteristics of the future product: its strength, porosity, and so on. While obtaining the casting, methods of influencing the casting by different cooling modes during its solidification were developed, such as blowing, adding a certain amount of water into the casting mold, vibration, etc.
Today one of the urgent tasks of foundry industry is manufacturing products with the composition known to manufacturers, and in case it is not known, which regimes should be applied in order to obtain the product with the given characteristics. Selecting an incorrect technological process, the founder can get the casting with defects, which is unsuitable for use. Also, assessment of the risk of appearance of casting defects depending on various violations of the process of manufacturing is the task not less important for founders.
Another topical task of foundry production is determination of the composition of additives, which are part of the metal charge used in alloys smelting.
After determining the components of the molten alloy, the technologist and the smelter can introduce the necessary additives to the melt, thereby obtaining the alloy of a certain chemical structure, which is used in further production.
By adding impurities to a solid charge or melt, experts are guided by tabular data, which at present are often outdated and need updating. Therefore, the purpose of this work is to create a computer system (technology), which will contain a comprehensive database of reference values of metals and alloys, their chemical and mechanical properties, information on various technologies of founding and cooling modes, as well as the sphere of application of finished products. For this, the founders need to know what chemical transformations occur when mixing different components of the alloy. Also, they must have information about the cooling modes of the given alloy, since different impurities react differently to certain cooling modes and, as a result, the founders get the casting of certain strength and quality.
II. STATEMENT OF THE RESEARCH TASK
Founding is not only a cost-effective method of manufacturing metal parts, but also the easiest to manufacture complex designs of castings. Founding is a technological process of casting production by filling a custom made mold by liquid metal through a channel system. After hardening, the casting is removed from the mold and sent for machining. In many cases, properties of pure metals do not meet the necessary requirements; therefore, alloys are used most often. Elements (metals and nonmetals), of which the alloy consists, are called alloy components. In the alloy, impurities are often present in addition to the main components. For example, bronze, which is the alloy of tin and copper, has a stronger hardness than each of its constituent metals separately. Therefore, alloys of metals are most often used in production.
By adding other metals or materials in a certain proportion to the mixture, it is possible to get many different products with a different structure and properties, even with those that are not characteristic of any pure metal.
Alloys, which are used for manufacturing various constructions, as a rule, must be strong. In construction and mechanical engineering, alloys of iron and aluminum are the doi: 10.7250/bfpcs.2017.008 54 most widely used. Such iron alloys, as steel, are of high strength and hardness, so they can be welded and forged.
Cast iron is used for manufacturing of most castings, including massive and durable parts of machines and mechanisms. For example, radiators of central heating, pressure and sewer pipes are casted from cast iron, as well as boilers, railings and supports of bridges. Cast iron products make up to 70 % of the volume of foundry production.
Alloys of aluminum, which are used in constructions, are not only durable, but also lightweight. Duralumin and silumin are alloys of aluminum, which are irreplaceable in aircraft and carriage construction as well as shipbuilding.
In some assemblies of aircrafts magnesium alloys are used, which are light and durable. Lightweight and heat-resistant alloys based on titanium are used in rocket construction.
Alloys are an indispensable material for the manufacture of especially sensitive and high-precision devices, sensors of various types and energy converters.
Assessment of the risk of appearance of casting defects depending on various violations of the manufacturing process is an important stage in foundry industry.
The quality of castings is determined by the accuracy of their size, structure, mechanical and physical properties of the metal, the presence or absence of internal or external damages and defects in the form of cracks.
To control the structure of the castings metal, experiments on the cooling of various metals and their alloys under the influence of different modes on the cooling process were carried out at the Institute of Metals and Alloys of the National Academy of Sciences of Ukraine [1] - [3] . In [4] the authors constructed the models of dependence of the temperature change on the parameters, which influence the casting cooling process by the group method of data handling [5] . All that structured array of information in the form of an electronic reference database and software is needed to ensure its convenient use by technologists and designers of foundry production.
The selection of the cooling mode for the given casting and getting a qualitative product, which meets the requirements, is one of the elements of the information database, such as an electronic directory in the field of foundry production, which is developed by the authors.
III. REVIEW OF EXISTING SOFTWARE IN THE FIELD
OF FOUNDRY PRODUCTION At present, there are many different software products, which are used by technologists-founders at enterprises. Let us consider software tools, which are most widely used in the world, their main advantages and disadvantages (Table 1) .
After reviewing the existing software available, in particular, for Ukrainian founders, we can draw the following conclusions:
1. All programs are very expensive; moreover, each of them requires continuous addition of supplementary components and the update of the old version of the program.
2. Programs are developed by specialists from different countries; therefore, they are written in the language of the developer and often have a complex interface, so their clarification and detailed instructions are needed. 3 . All considered software products use finite difference methods and so they are not suitable to eliminate shrinkage porosity in castings of the responsible assignment because these methods work poorly in case of thin-walled castings, when the wall thickness is comparable with the grid step.
4. Since some Ukrainian enterprises have slightly outdated equipment, many software tools developed on advanced computers cannot be used at such enterprises.
5. Another disadvantage of the above described programs is the absence of the Ukrainian database of metals and alloys that complicates the work of founders.
IV. CREATION OF THE DATABASE FOR THE INFORMATION DECISION SUPPORT SYSTEM OF FOUNDRY PRODUCTION:
ELECTRONIC DIRECTORY "FOUNDER ADVISER"
In papers [6] , [7] the tasks are presented, which must be performed by the information technology of inductive modeling of foundry production processes, as well as its block diagram. Such system consists of three blocks, which model the following tasks:
1. An electronic directory of designing the technology of castings production and information on products, which can be obtained from metal or alloy.
2. An electronic directory, according to the customer's technical specifications, on the selection of charge materials and alloys smelting, including sampling, express analysis and adjustment of the composition in order to obtain high-quality castings.
3. An electronic directory of processes of founding and cooling in order to select the best mode.
Let us consider each of the tasks in detail. Task 1. Designing the technology of castings production and information on products, which can be obtained from metal or alloy according to the customer's technical specifications.
The specialists, who deal with casting, know familiar metals and alloys to a sufficient degree, with their costs and suppliers indicated. They can choose the available metals from the database and find out, which typical products can be obtained from them. So, at the first stage, the specialist can choose the field, in which it is planned to use this product. Fig. 1 shows the options of such choice. When the designer determines the field, in which s/he will work, the program will invite the user to choose a "sub-field". In Fig. 2 the example of possible sub-fields is given.
For example, if the user selects the field "Engine building", s/he will receive the spheres of application in this area (Fig. 3) .
When the specialist chooses the sub-field, s/he will be asked to select from the existing database exactly the material, which will be specified by the customer. Next, the program will consistently suggest choosing the next settings: equipment for getting the casting, melting methods and cooling modes for chilling the casting, in particular, those which meet National Standards of Ukraine as well as European GMP standards.
After setting up all the necessary parameters and criteria for obtaining the finished casting, the user sets the "START" of the program.
After completing the work, the specialist puts the task of evaluating the product for probability and prevention of defects and spoilage.
Then, after conducting the necessary express tests, the specialist comes to agreement on the product with the customer. If defective parts are found, the program is corrected.
Task 2. An electronic directory on the selection of charge materials for alloy smelting.
The specialist, who uses this system, has scrap metal (other components of the charge) with an unknown composition, which s/he wants to use for further founding in order to obtain a definite product with given properties.
First, the chemical analysis of this scrap or the charge components is carried out presenting all components and their amounts in the alloy on the screen.
Then, the obtained results are compared with the standards from the database in order to determine if the alloy is known and whether it is possible to use it to obtain the necessary casting.
The conclusion of the program will be whether the given alloy is suitable for getting the finished casting or the software If the alloy is suitable, it is necessary to set the pouring modes and the desired product will be obtained. If not, then it is necessary to calculate which components and in what amount are needed in order to get the alloy with the given properties.
The program recommends the technique of scrap sorting, optimizes the charge composition by cost, offers the sequence of charging, melting regimes and the temperature of the melt release.
Task 3. An electronic directory for processes of founding and cooling of the casting.
The specialist concentrates one's attention on getting the castings, which meet the given criteria, and therefore sets the necessary parameters of the processes of founding and forced cooling in the software. The specialist can keep under control the whole process of the casting production, from its melting to hardening, and in case of the program failure can restart the whole process from the beginning.
This section includes the use of the database for the thermal analysis of alloys and typical castings, has a reserve space for creating a directory of the casting thermal treatment, including the thermal treatment of the cast state.
V. CONCLUSION
In this paper the technology of developing an information database system is characterized, namely the electronic directory of foundry production. It will allow the specialist in the field of founding to obtain automatically technological schemes subject to the choice of the field, where the given metals and alloys can be used, or, in case of the unknown alloy and charge materials, to obtain products of the given quality.
